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Summary 
The article shows the results of investigations of the mechanical properties conducted on austenitic ductile iron with an addi-
tion of 23-24% Ni. The examined mechanical properties included: tensile strength (Rm), proof stress (Rp0,2), elongation (A5) 
and reduction of area (Z) at reduced and low temperatures. 
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1. Introduction 
In view of its satisfactory utilisation properties, ductile 
iron is included in the range of basic cast alloys which are by no 
means inferior, and in some special cases are superior even, to 
certain grades of steel. Therefore ductile iron finds application, 
first of all, as a material for cast pipes and fittings, for parts used 
in automotive industry, in agricultural machines, and also in 
aviation, for crankshafts, connecting rods and camshafts operating 
in diesel engines, in marine engines and in electric motors; it is 
used for brake drums, ingot moulds, metallurgical rolls and for 
castings operating at high, reduced and low temperatures [1-3]. 
Over the past few years, disregarding a very vivid interest 
in ductile iron of bainitic-austenitic structure (ADI) [1, 2, 8], more 
and more often the results of the conducted investigations have 
been indicating the very promising properties of  properly manu-
factured austenitic ductile iron as a material for operation at high 
as well as reduced and low temperatures [1-7]. 
The aim of the present study were mechanical tests con-
ducted on austenitic ductile iron at reduced and low temperatures 
in the range from (-20)
oC to (-196)
oC. The scope of the tests 
included the determination of tensile strength (Rm), proof stress 
(Rp0,2), elongation (A5) and reduction of area (Z). 
 
2. Methods of investigations 
Mechanical properties were determined in static tensile 
test. The test was conducted on an INSTRON 1273 machine of 
maximum loading capacity 100 kN, using fivefold specimens 
with threaded heads of the measuring diameter d0 = 5mm. The 
following test parameters were used: temperatures of  (+20)
oC, (-
20)
oC, (-40)
oC, (-60)
oC and (-196)
oC; three specimens falling to 
one measuring point; the measuring ranges of the testing machine 
amounting to: 10, 20, 25 kN; graphical reading of the results of 
Rp0,2 and Rm from the plotted diagram. The specimens tested at 
temperatures of (-20)
oC, (-40)
oC and (-60)
oC were cooled together 
with the jaws of the testing machine in an air-conditioned cham-
ber of the  INSTRON 3110 apparatus by decompression of dry 
CO2 ice. 
The specimens tested at a temperature of (-196)
oC were 
cooled by pouring over them liquid nitrogen in a vacuum flask of 
special design. When boiling of nitrogen had ceased, its level was 
made up and the tensile test was started. The temperature control 
and adjustment were done automatically via an electronic pro-
grammer in the air-conditioned chamber.  
Tests were conducted on fivefold specimens of the meas-
uring diameter do=5mm, cast from iron melted in a medium-
frequency induction furnace provided with 60 kg capacity cruci-
ble.  
The process of cast iron spheroidising treatment was car-
ried out with FeNiMg17 master alloy, while inoculation was 
carried out with Si75A ferrosilicon added in an amount of 0,5-
0,7% in respect of the molten iron weight. 
Keel blocks of YII type were cast in bentonite sand 
moulds according to Polish Standard PN-EN 1563:2000.  
The temperature of metal bath overheating was 1490
oC. 
The spheroidising treatment of iron in foundry ladle was con-
ducted at a temperature of 1430
oC; moulds for keel blocks were 
poured at a temperature of 1390
oC. 
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 3. Results of investigation, disscusion 
and conclusions 
 
  The chemical composition of specimens made from aus-
tenitic ductile iron is shown in Table 1. Table 2 shows a compila-
tion of the mechanical properties obtained on specimens made 
from the examined ductile iron. From the conducted tests it fol-
lows that, irrespective of the test temperature, the tensile strength 
(Rm), proof stress (Rp0,2), elongation (A5) and reduction of area 
(Z) preserve nearly the same values (Table 2). A deviation from 
these values has been observed only in the parameters obtained on 
specimens tested at a  temperature of (-196)
oC. In this case, an 
obviously elevated value of the tensile strength (Rm) and proof 
stress (Rp0,2) was recorded, accompanied by a drop in the value of 
elongation (A5) and reduction of area (Z).  
 
Table 1.  
Chemical composition of the examined ductile iron 
Content in [%]  Melt desi-
gnation  C  Si  Mn  P S Mg  Ni  Cr 
1  2  3 4 5 6  7 8 9 
A 2,80  2,30  4,00  0,04 0,015  0,08  23,0 - 
B 2,90  2,60  4,10  0,04 0,015 0,06 24,0 0,25 
 
Table 2.  
Mechanical properties of the examined ductile iron 
Melt 
designation 
Test tempe-
rature    
[
oC] 
Tensile 
strength  
Rm  
[MPa] 
Proof 
stress 
Rp0,2  
[MPa] 
Elongation 
A5 [%] 
Reduction 
of area 
Z 
[%] 
1 2  3  4  5 6 
20 461  242  31,0  30,0 
-20 468  216  22,5 24,0 
-40 482  274  33,2 28,0 
-60 496  275  31,9 28,7 
A 
-196 721  477  25,1 24,3 
20 465  248  32,0  30,5 
-20 470  270  36,3 30,0 
-40 448  282  22,1 22,7 
-60 444  289  27,7 25,0 
B 
-196 632  485  16,8 20,5 
 
 
Fig. 1. Structure of the examined ductile iron (-20)
oC. Austenite 
+ carbides + graphite (special etching, 500 x). Photo taken by J. 
Radzikowska – Foundry Research Institute in Krakow 
 
Fig. 2. Structure of the examined ductile iron (-20)
oC. Austenite 
+ carbides + graphite (special etching, 500 x). Slip borders visi-
ble. Photo taken by J. Radzikowska – Foundry Research Institute 
in Krakow 
 
It is also to be noted that an addition of 0,25% Cr in cast 
iron from melt B (Table 1) did not affect in any more distinct way 
the examined parameters of ductile iron (Table 2). However, 
higher carbon content in this iron as well as that of silicon (2,6% 
Si) respective of iron from melt A (Table 1) compensated the 
unfavourable effect of chromium on the mechanical properties of 
the examined iron. 
Observations under the microscope of the examined cast 
iron of both types (A and B – Tables 1 and 2) have proved that the 
metallic matrix was composed of austenite with precipitations of 
carbides and graphite characterised by high degree of nodularity.  
The results presented in this study confirm the possibility 
of application of the austenitic ductile iron for castings operating 
at reduced and low temperatures.  
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